Purpose: To report a patient whose foveal avascular zone (FAZ) decreased after vitrectomy with internal limiting membrane (ILM) peeling. Methods: A 58-year-old woman underwent successful phacovitrectomy with ILM peeling for a thin epiretinal membrane in an eye with a normal foveal contour. Optical coherence tomography angiographic en face images of the 3 mm×3 mm superficial and deep inner retinal vascular plexuses were examined preoperatively, and on days 1, 2, 9, and 37 postoperatively. The changes in the FAZ areas and the thicknesses of the parafoveal retinal layers at 500 μm from the foveal center were assessed in the vertical and horizontal B-scan images. Results: The areas of the superficial and deep FAZ decreased after the surgery. The course of the postoperative decrease of the FAZ area in the superficial plexus can be fit by a hyperbolic curve (R 2 =0.993). An increase in the thicknesses of the retinal nerve fiber layer, ganglion cell-inner plexiform layer, and inner nuclear layer was observed at all times postoperatively.
Introduction
The foveal avascular zone (FAZ) is a capillary-free area bordered by the foveal capillaries running in the inner retinal layers. Optical coherence tomography angiography (OCTA) was recently introduced as a noninvasive method that can obtain en face images of both the superficial and deep capillary plexuses. 1 The size of the FAZ area is correlated with the sex, 2 age, [2] [3] [4] [5] [6] and foveal thickness. [5] [6] [7] [8] [9] [10] [11] However, the effect of internal limiting membrane (ILM) peeling on the FAZ area has not been well determined. Thus, the purpose of this study was to determine the effect of vitrectomy with ILM peeling on the size of the FAZ. To accomplish this, we performed vitrectomy with ILM peeling on an eye with a thin epiretinal membrane (ERM) and a normal foveal contour. The OCTA en face images of the superficial and deep retinal vascular plexuses were examined preoperatively, and at days 1, 2, 9, and 37 postoperatively.
Case report
A 58-year-old woman presented with a slight decrease in vision in her right eye (20/25) of 1 year duration. Ophthalmoscopy showed that she had a thin ERM over the fovea.
The patient underwent phacoemulsification, intraocular lens implantation followed by vitrectomy, ERM peeling, and brilliant blue G-assisted ILM peeling within the vascular arcade. After the surgery, her visual acuity improved to 20/20 at day 37 postoperatively. The patient did not have systemic risk factors such as diabetes mellitus or uncontrolled hypertension that could affect the retinal morphology. Also, she did not have ocular diseases such as myopia, glaucoma, and age-related macular degeneration that could affect retinal morphology except for a thin ERM. The patient has signed a written informed consent for the case report and any accompanying images to be published.
The sequential changes of the foveal morphology were determined by swept-source optical coherence tomography (SS-OCT) with the DRI OCT-1 instrument (Topcon, Atlantis, Tokyo, Japan). The scans were performed with the angioretina mode to obtain 3 mm×3 mm en face images of the superficial and deep vascular plexuses. The retinal surface maps were reconstructed from the three-dimensional cube scans. The FAZ area was measured by manual delineation with the ImageJ software (National Institutes of Health, ImageJ, Bethesda, MD, USA).
The vertical and horizontal B-scan images through the foveal center were analyzed to determine the thicknesses of the retinal nerve fiber layer (RNFL), ganglion cell-inner plexiform layer (GCIPL), inner nuclear layer (INL), outer plexiform layer, and outer nuclear layer. Manual measurements were made of the horizontal and vertical lines at 500 μm from the foveal center.
The sequential retinal surface maps and the OCTA images showing the FAZ in the superficial and deep plexuses at each time are shown in Figure 1 . The surface maps showed an increase of the parafoveal thickness up to day 9 postoperatively, and then only a slight decrease in the thickness at day 37.
Analyses of the changes in the superficial plexuses showed that the postoperative decrease of the FAZ area can be fit by a hyperbolic curve ( Figure 2 ; R 2 =0.993). The area of the FAZ of the superficial plexus was 0.336 mm 2 preoperatively, and 0.285 mm 2 on day 1, 0.262 mm 2 on day 2, 0.212 mm 2 on day 9, and 0.209 mm 2 on day 37. The area of the FAZ in the normal fellow eye was 0.378 mm 2 . The OCTA images of the superficial and deep plexuses and the horizontal cross-sectional SS-OCT image of the normal fellow eye are shown in Figure 3 .
The sequential horizontal cross-sectional SS-OCT images during the follow-up period are shown in Figure 4 . The preoperative OCT image showed that the foveal contour was normal. After the surgery, the parafoveal thickness was increased, and the foveal contour became steeper. 
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Decrease of FAZ area after ILM peeling Figure 4 The horizontal cross-sectional swept-source optical coherence tomography images at each visit. Note: Preoperative image with a thin epiretinal membrane is shown at the top, then the images 1 day, 2 days, 9 days, and 37 days after the surgery are shown sequentially to the bottom. The thicknesses of the different retinal layers preoperatively and at day 37 postoperatively determined by the horizontal (top) and vertical lines (bottom) at 500 μm from the foveal center are shown in Figure 5 . The thicknesses of the RNFL, GCIPL, and INL were increased postoperatively.
Discussion
We presented a case in which the FAZ area decreased and the parafoveal inner retina thickness increased after the vitrectomy with ILM peeling on an eye with a thin ERM and a normal foveal contour. There are three possible causes for the decrease of the FAZ area.
First, the release of the traction by the ERM may have caused the decrease. The preoperative surface maps showed that the parafoveal region was thicker in the affected eye than in the normal fellow eye although the foveal contour was normal. In addition, the FAZ area of the affected eye was similar in size with that of the normal fellow eye. It is possible that the thin ERM had influenced the parafoveal thickness, but the FAZ size and the foveal center thickness were unaffected. Thus, it seems unlikely that the release of the traction caused the decrease in the FAZ size.
Second, a growth of the capillaries toward the foveal center may have occurred after the ILM peeling. During the development of the human retina, the area of the FAZ is demarcated before the foveal pit forms. The FAZ is first observed at 26 weeks of gestation, and no vessel overgrowth is observed until birth. The FAZ area expands to the adult size of 500-700 μm at 15 months after birth as the foveal pit widens by remodeling. 12 No vessel overgrowth is observed during this process. It is less likely that an extension of the capillaries inside the FAZ occurs postnatally even after surgical procedures.
Third, the surgical procedures, ie, the vitrectomy and the ILM peeling, may have caused the FAZ area to decrease in size. Although it is difficult to distinguish the effects of each procedure, the surgical procedures may be partly responsible for the FAZ area decrease. The increase in the parafoveal inner retinal thicknesses may be due to a transient subclinical macular edema resulting from the ILM peeling.
The ILM peeling may cause a centripetal movement of the parafoveal inner retinal layer. The foveal capillaries run in the inner retinal layers, and the capillary network at the foveal margin forms the FAZ border. The capillary network delineating the FAZ border may have moved centripetally along with the inner retinal layers. This suggestion may also help explain the postoperative increase in the parafoveal thickness.
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Kumagai et al An inner retinal movement toward the foveal center would lead to a reduction in the FAZ area and cause more retinal cells to be packed in the parafoveal regions leading to an increase of the retinal thickness. In fact, the smaller FAZ area has been reported in other studies to be associated with an increase in the foveal thickness. [5] [6] [7] [8] [9] [10] [11] Also, an increase in the central macular thicknesses has been reported after ILM peeling in eyes treated for several macular diseases. [13] [14] [15] [16] [17] [18] One question raised from this possibility is why there is a centripetal retinal movement after ILM peeling. The ILM may have some intrinsic forces stretching the retina centrifugally, and the removal of ILM may eliminate such forces leading to a centripetal movement. Additional studies need to be performed to determine why this occurs.
The structural changes to the Mueller cells may be a key factor influencing the inner retinal movement. The Mueller cells extend vertically for the full thickness of the retina, except for the foveal center, and they stretch eccentrically from the foveal center to the parafoveal region. 19 The footplates of the Mueller cells form the ILM. Thus, the structural changes in the Mueller cells after ILM peeling may be involved in the retinal movement.
The study has several limitations. First, the findings were made on only one eye. Thus, the examinations of a larger number of patients are needed. Second, longer follow-up periods and further studies are needed to determine the effects on the functional outcomes.
In conclusion, we observed a single case where FAZ area decreased after vitrectomy with ILM peeling. It may indicate that surgery can affect the morphology of the inner retina. However, the exact mechanisms causing these changes were not determined from the results of this single case. Our findings demonstrate the ability of OCTA in providing en face images that can be used to analyze the changes in the inner retinal area including the FAZ. Further studies are needed to determine the underlying mechanisms for the retinal movements. 
